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Abstract: The pool of microbes inhabiting our gut is known as ‘gut microbiota’. The gut microbiota, the largest
symbiotic ecosystem with the host, has been shown to play important roles in maintaining intestinal homeostasis, and
its structure and function have changed significantly since the industrialization era, especially with the change of
lifestyle and the improvement of health care. This microbial community regulates some important metabolic and
physiological functions of the host, and drives the maturation of the immune system in early life. Dysbiosis of the gut
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microbiome is caused by an imbalance between the commensal and pathogenic microbiomes, and alterations of the
intestinal microbiota can be directly correlated with several diseases. This remodeled ‘industrialized’ gut microbiota
has a profound impact on human health, accelerating the development of major chronic diseases such as digestive,
metabolic and psychiatric disorders. Therefore, correcting intestinal microecological imbalance has become one of the
core strategies to address the challenges in the development of major chronic non-communicable diseases. However,
only a few conventional gut microbiome therapeutics developed to target the regulation of intestinal flora structure and
function, such as probiotic therapy and fecal transplantation therapy have been used for the prevention and treatment of
major chronic diseases with multiple intractable clinical conditions. Moreover, safety issues such as poor controllability
and unclear genetic background of the flora have emerged. The iterative development of synthetic biology and
microbial culture omics technology tools have promoted the development of novel microecological drugs, which have
become the key to the precise identification and effective administration of major chronic diseases. This review takes
the perspective of intervention and treatment of major chronic diseases such as digestive diseases, metabolic diseases
and psychiatric diseases. The research progress of synthetic biology concepts and related technologies in designing and
constructing engineered probiotics is systematically discussed. The application of microbiome therapeutics focusing on
engineered probiotics in 3 categories of major chronic diseases is further reviewed. Moreover, we summarize the
opportunities and challenges of using engineered probiotics to build synthetic flora, aiming to providing new methods
and strategies for the diagnosis and prevention of major chronic diseases, thus promoting technological innovation and

development of gut microbiome therapeutics.
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Fig.1 Gut microbiome therapeutics

(a) Gut microbiota dysbiosis; (b) Traditional modalities to manipulate microbiome; (¢) Engineered probiotics
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5k, e E okt B A B P BT R 2 4l
R B R A ST IR T R

1 FERTEAE R SN R E Y 7 T

WAL RGP & — 2R R HH W18 1 i 18
R, LR EIRFAT RAWE N, BEIT RS
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T THAE. 2 JEEHBA 7 R, Woo
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¢l Bt 5 A e e kA RN A R R TR (R i 1 T i
et 7 TIRIT IBD B H W TR LR . 1% L
T2 0 A e AR 48 i 18 R R A A = B R IR
(adenosine triphosphate, eATP) /KT )& 2l = B IR
JUR T UTE R T 1 Ak A oy, DARE R 2 (1) eATP
I AR H ] 2ORE B R, AT B A SR 2 E VAR
J7 o BLAh, HE 4 25 AR B T e ok 4k AR K A
T HEMABALEE. I RXAEM. BESEE



%£3% www.synbioj.com 039

AR R g S T R B R SR
RKUWBIT IBD Y. BREARAWI, THERY
s ] 5 (41 BA B 3R R B TREAR 1 EeN & Bk T 3-F8 5%
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Tab.1 Intestinal microecological treatment for digestive system diseases

W 5%
534 Sl et s fp
JE At 44 TRYT SR BAL AR wom v
KIGHFE FIFH ThsSR\TtrSR XU 73 3 R4 o M@ M % pKD226/pKD227/pKD233.7-3/pKD239-1g-2/pKD238- IBD  [47]
Nissle 1917 B, AN B AT R #5455 2 M br £ 1a/pKD184/pKD182/pKD237-3a-2/pKD236-4b % €21 1))
KIGHFF B I NarXL. TtrSR W2 73 %5 A G by i 4 5 15 /& pSEVA141-123114-NPG/pSEVA131-J23106-NPG/ IBD  [48]
Nissle 1917 &%, FH T [F] B AS U B A Q0 1% 6 RAH IR 36 55 % MEAR B Y pSEVA131-AND/pSEVA131-J23113-TPG/pSEVA131- (2

J23113-N(N509D)PG ¢
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— P AT B 18 O B M AR AR R 5 45 28 MR
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FLERFLER TE 45 [ 26 IR AL JR 534 126 Bt mTNF 9K i A pMT1/pMT1 - MT1 IBD  [51]
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Nissle 1917 24 g B A B E RS ik (i)
T P BR 43 WA HUYe B 1 P8, ) e 40 e 1 1 pCBT24-2-PK-p8-PK-p8 CRC  [63]
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I RE A5 20 AHACh R N i o AR o R R T IR A
YRR AN FE Y, AR, W
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T 3%, dt— D 5L, SNase #£4% TIDM K 1E
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Tab. 2 Intestinal microecological treatment for metabolic diseases
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Tab. 3 Intestinal microecological treatment for mental illness
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Fig.2 Opportunities and challenges for gut microbiome therapeutics
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